Data Prefetching and Targeted Loop Optimizations by Jaume, Abella et al.
HAL Id: hal-00647624
https://hal.inria.fr/hal-00647624
Submitted on 2 Dec 2011
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Data Prefetching and Targeted Loop Optimizations
Abella Jaume, J.M. Codina, Carlos Ciuraneta, Min Dai, Christine Eisenbeis,
Antonio Gonzalez, Josep Llosa, Peter Knijnenburg, Michael O’Boyle, Sid
Touati, et al.
To cite this version:
Abella Jaume, J.M. Codina, Carlos Ciuraneta, Min Dai, Christine Eisenbeis, et al.. Data Prefetching






























je587 (v\P^Vv 5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯{
je5k4 v i| 5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7I7
je5k465J7 n<s<?mrxmq:=<°<?>?s+:Dne¦@)>Dx
s<9F@):±5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯j
je5k4654 ne@H<*K©s+>ump9;pqmr9;:u9;:+²´³r<?lDmADmzn6ps+¦²G@)>?9[<?l+x 5!5!5G5!5H5 7¯j
je5k465kj >umr²H9Fn<?mr>µsD¨@HCEs<9F@):¶³z¦@!@)pB=:D>@)¨9;:+² 5G5!5G5!5!5G5!5H5 7¯j
je5k465w ¦@H@)p·>umrn6<?>*B+CE<?B=>u9;:D² 5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7|w





9 s<9F@):#s+¦²G@)>?9[<?l+x 5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7
je5je54 As<¦stpr>umq m<uC*l=9;:D² 5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯
je5w i`fu4L'	>  V`t|f| 5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯
je5wO5J7 KMR8PcLOUXeP_O\V]1Wa]1P^bdLORTfeg 5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯
je5wO54 KMR8PcL_O\V]1Wa]1P^bdLORTfeg 5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯
je5k Pv Pfu|v > \nsb` lvVo 5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7¯
 E O§|¯ª 2£a O£u¢¨ ~ 6¥ 
wO587 9[fPc\^UOOb`PcRJUIf 5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4I4
wO5k4 m ONQ _OJ]·5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4I
wO5j :=UXPcNQPcRJUIfµ5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5je5J7 9«P^]~\^NQPcRJUIfyn6_NXb1]~S 5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5je54 9[fO]`n6_ONXb~]1S 5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5je5kj s=\^\^N¯%sb~b~]1S^SV]~S 5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5w >=NQfO x
UOR8WY6RJfOg<¦\cNXfOSFWaUI\^ NQP^RTUIfOS 5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4I
wO5wO5J7 ADNQPdN<¦\cNXfOSFWaUI\^ NQP^RTUIfOS 5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4I
wO5wO54 UUI_<\^NXfOSFWaUI\^ NQPcRJUIfOS 5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5wO5kj UI\VUXW<¦\cNXfOSFWaUI\^ NQP^RTUIf 5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4
wO5wO5w m eNX_OT] 5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 jI{
wO5wO5 CEUXORTfeRTfOgUUI_yNXf
A+NQPcN<¦\cNQfOSVWaUI\VNPcRTUXfOS 5!5!5!5!5G5!5G5!5!5G5!5H5 je7
wO5k lDNXfOTRJfOgA+NQPcN<¦\cNQfOSVWaUI\VNPcRTUXfOS*RTf P^LO]!pq\V]~SV]~fOb1].UXW RTfO]~NX\^RJS^]s=\^\cN|S 5!5H5 je7
wO5k65J7 ADNQPdN<¦\cNXfOSFWaUI\^ NQP^RTUIfOSEUIfRJfO]|NX\VRTSV]sD\V\cN|S 5!5!5!5!5G5!5G5!5!5G5!5H5 j4
wO5k654 >?]eOb~RJfOgsb~b~]1S^S+@X]~\VLO]|NyWaUI\?RTfO]~NX\^RJS^]ys=\^\^N¯S+5!5!5G5!5G5!5!5G5!5H5 jXw
wO5 l=NXfOJRTfOgADNQPdN<¦\cNXfOSFWaUI\^ NQP^RTUIfOSRJf%PcLO]!p\^]1S^]1fOb~]GUXW >?]~SVLNX_]
sD\^\^N|6S 5!5H5 j
wO5e5J7 A+NQPcN<¦\cNQfOSVWaUI\VNPcRTUXfOSEWaUI\?>?]~SVLNX_]ysD\^\^N|6S 5!5!5!5!5G5!5G5!5!5G5!5H5 j
wO5e54 >?]eOb~RJfOgsb~b~]1S^S+@X]~\VLO]|NyWaUI\?>?]~S^LONX_ ]
s=\^\^N¯S5!5!5G5!5G5!5!5G5!5H5 jI
wO5k m e_]~\VRT]~fPcS 5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 j




wO5 >u]1 NQP^] K UI\^ 5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 jI
wO5  CEUIfOb1TOSVRTUIf 5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 j 
   	   	 ·	
je587 @+_ePcRJ R
|NQP^RTUIf SVPc]1_OS 5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 74
je5k4  !"#$&%(')+*,-*(.//.(*.01.23.4') 5!5!5!5!5G5!5G5!5!5G5!5H5 7
je5j p]1\VWaUI\VNXfeb~]~SWa\VUI p¦]~\VWa]1b1P+CET ]~fObdLeNX\VS 5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7
je5w 5rNX\^RTNQPcRJUIf UXW_]~\FWaUI\^ NXfOb1]~S?Z?RJP^L
JUNy NQP^]~fOb1RT]~S³ER I]1\^UI\^] ]~fObdLeNX\V%³Bu8³
Pc\^Nn6_NX\Vbv5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7 
je5k 5rNX\^RTNQPcRJUIfUXW¦_ ]1\VWaUI\VNXfeb~]~SzZ?RJPcL JUN%TNQPc]1fOb~RJ]~Sz³R I]1\^UI\^]  ]1fObdLO NX\^³rAD]1b
NXT_eLN5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 7 
wO587 <\^NXfOSFWaUI\^ NQPcRJUIfOSG5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4Qw
wO5k4 m ONQ _OJ])TUUI_ 5!5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5j U6UI_NQfADNQPdN<\^NXfOSFWaUI\^ NQPcRJUIfOS©5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 4X
wO5w RTfO]~NX\^RJS^] s=TRTNXS^RJfOg 5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 j4
wO5k :76vXw898:8 7¯{I4Qw 5!5!5!5G5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 jXw
wO5 p\^UI_NQgNQPcRJUIf sDJgIUI\VRJPcLe 5!5G5!5!5G5!5H5G5!5G5!5!5G5!5G5!5!5!5!5!5G5!5G5!5!5G5!5H5 j
R 
   y  
     	
<LORJS_OO\^_UISV])UXW¨PcLORJSO]~JR I]1\cNeT]DRJSEPcUO]1S^b1\^R ])UIfOgXUIRTfOgGZEUI\VRJf%PcLO]HNX\V]|NUXW¦_O\V]1Wa]1P^bdLORTfeg NQf
PdNQ\^gI]`P^Pc] TUUI_ Pc\cNQfOSVWaUI\VNPcRTUXfOS~5
CELNX_6Pc]~\VS4NXf j O]1S^b~\VR ]UIfegIUIRTfeg
ZzUI\^ RTf S^UIO\Vb~]³[T] I]1
S^UQWYP[Z*NX\V] _e\^]1Wa]`PcbdLORJfOg
Z?LeRTT]bdLNQ_ePc]1\Gw O]~SVb~\VR ]~SGP^LO]RTfPc]1gI\cNQP^RTUIf©UQW*TUUI_ NXf NQPcNP^\cNXfOSFWaUI\F³
 NQPcRJUIfOSEWaUI\SV_NQP^R NXNQf Pc]~_UI\cNX TUb|NXJRJP[I5
CELNX_6Pc]~\z4 O]~SVb~\VR ]~SrNXf NXfOfOUXPcNQPcRJUIf NXSV] NX_O_O\VUNXbdLPcUHS^UQWYP[Z*NX\V]=_e\^]1Wa]`PcbdLORJfOgO5
rOS^RJfOgHSVPcNQPcRJb
TUb|NQTRJP[NXfNQJS^RJSOZz]Gb~NXf O]`Pc]1\^RTfO])PcLeUIS^]! ]1 UX\V%\V]1Wa]1\^]~feb~]~S=TRJX]~8P^U RJfOb~O\V\?b|NXbdLO]G RJS^SV]~S~5
K ]b~NXf3PcLO]1\^]1WaUX\^]N IUIR  RJfOS^]1\VPcRJfOgOfOfO]1b~b1]~S^S^NX\V _O\V]1Wa]`PcbdL RJfOSVP^\^Ob`PcRJUIfOS)WaUI\ NQPcN TRTQ]~8IU ]
NXJ\^]|N e%RJfP^LO]Hb|NXbdLe]X5r9[fORJP^R NX\^]1S^O8PcS?S^OgXgI]~SFP=P^LNQPPcLeRTSRTS?N_O\VUI RJS^RJfOgNX_O_e\^UNXbdL 5
CELNX_6Pc]~\Hj e]~b~\VR ]~SHN OR ]1\^]1fP!NQ_O_O\^UINXbdL¡PcU _O\V]1Wa]`PcbdLORJfOgfNX]~8yS^UIO\Vb~]PcU SVUIO\Vb~]S^UQWYP[Z*NX\V]
_ORJ_ ]1TRTfeRTfOgO5H<LO] NXRTf  ]1fO]OP!UXWzS^UQWYP[Z*NX\V]}³[_ORJ_OT]1fORTfOgRTS+PcLONQP+Zz] _]~\Vb~UITNQPc]}e_ JUN©RJfOSVP^\^Ob³
PcRJUIfOSPdNXRJfOg RJfP^U b1UIfOS^R O]~\^NQPcRJUIf PcLO]1RT\ NXfPcRTb1RT_NPc]  NQP^]~fOb`I5M<LORJSfOU I]1=ZzUI\^uNX_O_eTRT]1SPcLORJS
_O\V]RTUIeS^Jb1UIfOSVR O]1\^]TU¯Z*³[J]I]1¨NX_O_O\VUNXbdL©NPuP^LO].SVUIO\VS^].J]X]~Z?LO]~\V]._O\V]~JRTRTfNX\F%\V]~S^eJPcS=NX\V]
I]1\V]1fOb~UIe\cNXgIRJfOgO5
 RJfNXT8|RJfHbdLNX_eP^]~\¨wuZz]rb~UIfOSVR O]1\PdNX\VgI]1PVPc]!P^\cNXfOSFWaUI\^ NQP^RTUIfOS15¨<LORTSZzUI\^)efOR]1SPcLO]Pc\V]|NQP^ ]1fP
UXW TUUI_NQf NPdN)Pc\cNQfOSVWaUI\VNPcRTUXfOS  ]1]ORJfOgHPcLO]1 RJfNHfO]`ZM\cNXfOI³« UORJWYRJfOg+Wa\cNX]1ZzUI\V5
KMRJP^LORTfyPcLORJSuWa\^NX]1ZzUI\^yNXf




Pc\^NXfOSFWaUI\^ NQPcRJUIfOSNQf_O\^]1TRTRTfONX\V\^]1S^O8PcSuNX\V]!UXfOb~]!NXgNQRTf LORJgILOJ _O\VUI RJS^RJfOgO5
7
   y   




]1 UI\F  NQP^]~fOb` RTS N  N#"VUI\RTSVS^O]yWaUI\  NXf U O]1\^f  RJb~\^UX_O\^Ub~]1S^S^UX\ NQS^]·SVSVP^]~S~5 sD8³
PcLeUIOgIL RTb~\VUI_O\VU6b1]~S^SVUI\^SSV_ ]1]OSLN X] ]~]1f RJfOb~\V]|NXSVRTfOg e\cNX NQPcRJb|NXJJ PcLe] S^_]~] UXW= ]1 UX\V
LN I]fOUXPHQ]~_eP!PcLe]_ONXb~]Q5s*PHP^LO] NXSFP)I]|NQ\^SHPcLO]S^_]~] UQW*b~UX ]~\Vb~R NQRTb1\^UI_O\VU6b1]~SVS^UI\VS!LON X]
]~]~f OUIOJRTfOg] I]~\F P^LO\^]1] X]|NX\VSGZ?LORJT]PcLO] S^_]~] UXWb1UI UORJP[¡A+>us+x LNXS!RT_O\VU X] 
TR8P^P^T]%UI\^] P^LNXfoQ{XLORTgXLO]~SFP _e\^RTUX\^RJP[ RTf RT_O\^U RTfOg©P^LO]
b~NX_NXb1RJP[X5<LO]\V]~SVOJPRTSPcLONQP rWa\^UI
PcLe] _ ]1\^S^_]~b`PcR I] UXW?PcLe]%_O\^Ub~]1S^SVUI\r ]1 UX\V RTS}gX]1P^P^RTfOgS^TU¯Zz]~\NPN O\cNQNQP^RTb \cNQP^]X5 x
UISFPUXW
b~UX _O6Pc]~\rSVSFPc]~SE\V]~8UIf P^LO]~RJ\rb~NXbdLO]+LeRT]~\^NX\^bdLP^U.\^]OOb1]=PcLe]D] ]~b`PcR I]D]~UI\FNXb~b1]~SVSzPcRJ ]
OePEZ?LORTJ]uP^LO]+] ]~b`PcR I]~fe]~S^SUQW¨b|NXbdLO]1SRTS%$eRJPc]=gIUU WaUI\EgI]1fO]~\^NX8³«_OO\V_ UISV]Db1U O]1S*RTSzfOUXP*NXSEgIUU
WaUI\!S^b1RT]~fP^Rb NQf ]~fegIRTfO]1]~\VRTfOgNX_O_OJRTb|NPcRTUXfOS~5yADR ]1\^]~fPGPc]~bdLefOR&$O]1S}PcU¡\V]OOb1]%UI\!PcUIJ]~\cNPc] N³
Pc]1fOb1 NX\^])b~NXbdLORTfegU6b~NXTR8P[%@+_eP^RTR 
~NQPcRJUIfOS 
E  ]1\^RTfeg NQfypqRJ_ ]1TRJfORTfOg enUXWYP[Z*NQ\^]`³[p\^]1Wa]`PcbdLORJfOg
NXfx
O8PcRJP^LO\^]~NORJfOgO5o>?]Oeb~RTfeg  NPc]~feb1 RTS_O\V]1Wa]~\^NOJ]
U I]1\ P^UIT]1\cNQP^RTfOg3 NPc]~feb1 S^RJfOb~]yRJP NXb³
PcONXT8©\^]OOb~]1SGP^LO] O]1NQf WaUI\H NXRTf ]~UI\V ONXfeZ?R ePcL ¦Z?RTbdL b|NXf  ]b~\VOb~RTNX5 >?]eOb~RJfOg
 NPc]~feb1RJS_O\^]`Wa]~\cN OT]U I]1\rP^UIT]1\cNQP^RTfOgD NQP^]~fOb`S^RJfOb~]?RJPrNQb1PcONXT8.\V]OOb1]~S O] O]~ NXfUXW  ]1 UX\V
NXfeZ?R eP^L 6Z?LeRTbdL b|NQf  ]+b1\^Ob1R NX¤5C*NXbdLe]~S_O\VU R O]DPcLe]DWaUIOfONQPcRJUIfWaUI\zNXTPcLe]+ NQP^]~fOb`³[LOR ORTfOg
Pc]1bdLOfOR'$e]~S6NXfTUb|NQTRJP[!UI_6PcRTR 
~NQPcRJUIf}NQ\^]uNXTSVU!NQP^P^\cNXb`PcR X]S^RJfOb~]PcLe]1 OUXf)(Pr\V]$ORT\V]uNOR8PcRTUXfNX
LNX\ eZENX\^]uS^O_e_ UI\FP|5 suWYPc]1\z\V]OOb1RTfOg! NPc]~feb1Zz]D}eSVPqPcUHPcUIJ]~\^NQPc]?NXf\V]~ NXRTfORJfOg) NPc]~feb1I5 <LO]
\VSVPZEN¯ PcU OU©PcLONQPRTS e  ]1\^RJfOg3NXf _ORJ_ ]1TRTfeRTfOg
NXb~b1]~SVS^]~SEZ?LORJbdL RJSNXf ] ]~b`PcR I] ]~NXfOS.P^U
\^]OOb1]Z?\VRJP^]  NQP^]~fOb` NXf \^]*$ORT\V]~SUIfO8 N©TUbdO_6³Wa\^]~] b~NXbdLO]Q5 <¦U NO\V]~SVS\V]|N  NPc]~feb1 NQS
Zz]~T PcLO]!bdLOUIRJb~]~SDNX\^]G]~R8PcLO]1\=_O\V]1Wa]`PcbdLORJfOgUI\u}O8PcR8PcLO\V]|NORJfOgO5En6UXWYP[ZENX\^]³[b1UIfPc\^UXTT]_O\V]1Wa]`PcbdLORJfOg
NX_O_]|NQ\^S?PcU  ]! UX\^] O]~SVRT\^NOT]HSVUITeP^RTUIfSVRTfOb1].RJP?\V]$ORJ\^]~S=S^RJgIfOROb|NXfPc8%J]~S^SuLNX\ eZENX\^]GS^O_O_UI\FP
PcLONXfLNX\ 6Z*NX\V]`³«b~UIfPc\VUITJ]_O\V]1Wa]`PcbdLORJfOgHUI\ }O8PcR8PcLO\V]|NORJfOg+NQfRJPUIfeJG\^]$ORJ\^]1SzN+SVRTfOgXT]EP^LO\^]~N





 	           j
   "!#!%$&')(*,+.-0/+.-1&2-354.678
<LO] b1UIfOb~]1_ePUXW?SVUXWYP[ZENX\^] _O\V]1Wa]`PcbdLORJfOg©RTS NXS^RJb|NXJJ©P^U©N fO]`Z]~UI\F3RTfOSFPc\^eb1PcRJUIfOS}RJf PcLe]
UI\VRTgIRJfNXb~UO]Q5 KMRJP^L P^LO]~SV]©fO]1Z±RTfeSVPc\VOb1P^RTUIfeSZz]¡b|NQfoS^_OJRJPNX_NX\FP P^LO]¡\^]*$O]~SFP UXW)PcLe] NQPcN
NXf PcLO] OS^]%UQWPcLO] NQPdN  Z?LORTJ] OfORTfeg¡]~fOUXOgIL _NQ\cNXJT]~JRTSVPcUX]~]1_ PcLO]_O\^Ub~]1S^S^UX\ OOSF RJf
]1P[Zz]~]~f 5r<¦U.LeR O]?PcLO]= NQP^]~fOb`Z?RJP^LORTf NGSVRTfOgIJ]PcLO\V]|N PcLe]=\V]$O]~SFPUXW ONQPdNHLNXSrPcU ]uS^UGWNQ\zRJf
NQNXfeb~]DUQWPcLO]=OS^]=UXWP^LO] NPdNGRJfP^LO]D]6]~b~6PcRTUXf%SVP^\^]|NQ
5 <LeRTSE\V]$ORJ\^]~SrPcLO]DNORJTRJP[GPcUG_O\^]ORTb`P
Z?LNQP NQPdN+RJS fO]1]O] NQLO]|NUXWP^RT]X5 n6UXWYP[ZENX\^]_e\^]1Wa]`PcbdL\^]*$eRT\^]1S ]`6_OJRTb1RJP _e\^]1Wa]`PcbdLRTfeSVPc\VOb1P^RTUIfeS
PcU U I] NQPdN
RTfPcUP^LO]%b~NXbdLO]X5©<Le]%WaUI\^ NQPGUXWPcLO]1S^]%RJfOSVP^\^Ob`PcRJUIfOS.\V]~SV]~OJ]~SNfeUI\^ NXqTUN 
RTfeSVPc\VOb1P^RTUIf  OeP)Z?RJP^LOUIeP!N \V]~gIRJSVPc]1\)S^_]~b1R]1\~5p\^]1Wa]`PcbdL RTfOSFPc\VOb1P^RTUIf NXJS^U OR ]1\+Wa\^UIfOUI\^ NX
TUIN·RJfOSVP^\^Ob`PcRTUXfOS%RTf PcLNQP PcLO]`oNX\V]fOUXf6³ OJU6bdRJfOg NXf PcLO]`fOUXPPdNXQ]¡ ]1 UX\V ]`6b~]1_ePcRJUIfOS15
<LO]yfOUIf6³ OTUbdRTfOg3NQS^_]~b1PNXJTU¯Z?S.PcLe]~ PcU ]U X]~\V NX_O_] Z?RJP^L b1UI_OePdNPcRTUXf rNXf PcLO] WNXb`P
PcLONQP+PcLe]1 eUIf)( P)PdNXQ]]`6b~]1_ePcRJUIfOS)RTSDOS^]`WaO ]~b|NQOS^]RJPD_ ]1\^RJP^S+ UX\^].SV_ ]1b~OTNQPcR I]_O\V]1Wa]`PcbdLORJfOg
SVP^\cNQP^]~gIRJ]~S:9]Q5ge5O]1\^]1Wa]1\^]1fOb~RJfOg _UIRJfP^]~\VS ]1WaUX\^]!RTSb~]1\VPcNXRTfPcLNPuP^LO]1_UIRJfPP^U J]~gNQNO\V]~SVS^]~S
UI\!PcLO]WNQb1P.P^LNQP.RTS.]~NXS^RJ]~SFP.PcU_O\^]`Wa]1PcbdL NX\V\cN| \^]`Wa]~\^]1fOb~]1SRTf P^LO]%S^NX ] TUUI_ P^LNXf SV_OTR8P.R8P.WaUI\
fOUXPz_O\V]1Wa]1P^bdL%fOUXPzT]1gNXNQ\^\cN|_UIRTfP^SPcLO]`b~UIO  ]DNQTS^U!RTJT]1gNXe\V]1Wa]1\^]~feb~]~S<;`5q<LO]=bdLNXTJ]~fOgX]~SqUXW
S^UQWYP[Z*NX\V]`³«b~UIfPc\VUITJ]SVUXWYP[Z*NQ\^]?_O\^]`Wa]1P^bdLORTfOgHRJfOb~JO]EP^LO]*WNXb1PP^LNQPqSVUI ]ES^UI_OLeRTSVP^RTb~NQPcRJUIf}RTS fO]~]O]
PcU RTfOSV]~\FP=P^LO]._O\V]1Wa]`PcbdLO]1S)RTfPcUPcLO]Gb~UO]  NXfNXTSVU PcLONQP=P^LO].fe]1Z#_O\V]1Wa]1P^bdL©RTfOSFPc\VOb1P^RTUIfOSuRTf XUI X]
S^UX ]HNXUIOfP?UXW]`6]1b~eP^RTUIfyU I]~\VLO]|N 5







? ?? ?? ?
? ?? ?? ?
? ?? ?? ?
? ?? ?? ?
? ?? ?? ?
















F F FF F FF F F
F F FF F FF F F
F F FF F FF F F
F F FF F FF F F
F F FF F FF F F




I I II I II I I
I I II I I
J>J>JJ>J>JJ>J>J
J>J>JJ>J>J
K K KK K KK K K























 	           w
PcUyTUIN P[ZzUJU6b~NQPcRJUIfOSDP^LNQP.NX\^]fOUQP.RJf b~NXbdLO]X5 @)f PcLO]\^RJgILPHPcLO]_O\^]`Wa]1P^bdL b|NXf ] RJS^S^e] WNX\
]~feUIOgIL©RJf¡NQNXfeb~]}SVU%PcLO]G ]1 UI\F
NXb~b1]~S^SV]~S OUIf (PDSVPdNQT¨PcLO]G_O\^Ub~]1S^S^UX\  ]1b|NXOSV].PcLe]} ]1 UX\V
NXb1b~]~SVS^]1S*Z?RTTLON X]+b~UX _OJ]1P^] ]1WaUX\^]=P^LO]DJUNOSzNX\V]=]e]1b~eP^]5E@+O\*NQ_O_O\^U|6RT NQP^RTUIfRTSrS^UQWYP[Z*NX\V]
_O\V]1Wa]1P^bdLORTfeg ]~b|NQOS^] ZE] UIfOJfO]~]¶b~UX _ORJT]1\NXf¶LONX\ eZENX\V] SVO_O_UI\VP~5 lDNX\ eZENX\^] S^O_O_UI\FP
RTSgINX\^NXfPc]~] UXf TNXSVP%gI]~fO]1\cNQP^RTUIfo_e\^Ub~]~SVS^UI\VS~5(s*P P^LO]©fO]`PyS^]1b1P^RTUIfoZz] e]~S^b1\^R  ] \VSVPPcLe]
S^e_O_ UX\VPc]NQ\^bdLOR8Pc]~b`PcO\V]X5q<LO]1fRTffO]P=SV]~b`PcRTUXfOSZE] O]~SVb~\VR ]!UXO\*PcUUINXfyP^LO])WaePcO\V])ZEUI\V5
             	   

K ]ELN I]  ]1]~fe]I]1TUI_eRTfOg=UIO\¨PcUUIUIfNu_O NQPVWaUI\^ PcLNP NXJTU¯Z?S¦OS¦P^UDOSV]zP^LO]n6UQWYP[Z*NX\V]*p\^]`Wa]1P^bdL6³
RTfegO5)UI\=P^LORTS=ZE]}fe]~]e] N_O\^Ub~]1S^SVUI\+PcLNP)LNXS+_e\^]1Wa]`PcbdL3RTfeSVPc\VOb1P^RTUIfeS=PcLONQP)fOUXP=PdNXQ] ]1 UX\V
]`6b1]~_eP^RTUIfOS15zs=TSVUZz]HfO]~]¡Nb~UX _ORJT]1\zPcLONQPuS^O_O_UI\FPcSuN_O\^]`Wa]1PcbdL
RTfOSFPc\VOb1P^RTUIf5
   -0	/+$43-1!%!5$,+
9[fPcLORJSrSV]~b`PcRTUXfZz]uZ?RJTPdNXJ}NUIePqPcLe]uLONX\ eZENX\V]uZz]=LON X]=eS^] 59«PzRJfOb~JO]1SqP^LO]?_O\^Ub~]1S^SVUI\ENQf
PcLe] ]1 UI\F!LORT]1\cNX\VbdL NXJP^LOUIOgXL}PcLO]1\^]?NX\V]*T] I]~JS UXWPcLeRTS LORJ]~\^NX\^bdL}RJfOS^R O]EP^LO] RJb~\VUI_O\^Ub~]1S^SVUI\~5
K ]
LN X]  ]1]~f ZEUI\VRTfOg Z?RJPcL PcLO]x
9;prn·>H7¯{I{I{X{ RTb1\^UI_O\VU6b1]~SVS^UI\zZ?LORJbdL·LNXSRT_OJ]~]~fPc]
PcLe]_O\V]1Wa]1P^bdLRTfeSVPc\VOb1P^RTUIf 5<LO]¡>H7¯{X RJSN3 NQSVP gI]~fO]1\cNQP^RTUIf RTb~\VUI_O\VU6b1]~S^SVUI\~5·9«P%LNXS O\^NXfObdL
_O\V]ORJb1PcRJUIf EN fOUXf OJU6bdRTfeg b~NXbdLO] S^O_]~\VS^b|NQ NX\ 9R8Pb|NXf RTS^SVO]~SNQP NXSFPw RTfeSVPc\VOb1P^RTUIf NQPPcLe]




RTfeSVPc\VOb1P^RTUIfyZEUXO Of (P O]~_]~f©UIf¡UXP^LO]~\VS=PcLONQPDLON X]~f)( P ]~]1f¡]`6]~b1ePc]5+<LO].UIeP=UXWUI\ O]~\DNXTSVU
_]~\^RJP^SrP^U}LOR O]DSVUI ]= NQP^]~fOb` OO]DP^U.RTfeSVPc\VOb1P^RTUIfeS ]~LORJf N.]~UI\VRJfOSVP^\^Ob`PcRJUIf P^LNQP*RTSVS^]1S
b|NQf  ]=]`6]~b1ePc]RJWP^LO]1 OUIf)( PzLN I]HNXf O]~_]~fO]~fOb1]X5r<U.S^O_O_UI\FPEPcLe]DUIePEUXWUI\ O]~\z]`6]~b1ePcRJUIf
PcLe]©>!7|{X LNXS N Z?RJfOU¯Z±UXW!j4 RJfOSVP^\^Ob`PcRTUXfOS P^LNQP%b~NXf ]¡S^bdLO]OOJ] efNXRTb~NXT8 WaUI\ ]~SFP
_]~\VWaUX\^ NXfOb~]Q5?<LORTSu RJb~\VUI_O\^Ub~]1S^SVUI\=LONXS OeRTJPF³[RJfP^LO] O\^SVPDT] I]~¦UXWb~NXbdLO]Q5=9«P+NXTSVURT_OJ]~]~fPcS
PcLe] b1UIfPc\^UXOfORJPHWaUI\+P^LO]fO]`PGT]X]~¤5 <LO]1S^]P[ZEU
T]X]~JSGNQ\^] 4 ZEN| S^]1PGNXSVS^Ub~RTNQPcR I]X5<LO] \^SFP
T] I]1 LNXS*j4 Pc]~S_]~\ETRTfe]uZ?LORJT]uWaUI\zP^LO]+S^]1b~UIfyJ]X]~ R8PEb~NXf ]+bdLOUISV]~f  ]`P[ZE]1]~fyXw}UX\+74X RJP
O]1_ ]1fOSDUXfyP^LO]HRT_OT]1 ]1fP^]SVSFPc]~y5E<Le]G\V]~_OTNXb~]1 ]1fP=NXJgIUI\VRJPcLe RJS=¨>*BµWaUI\UXP^L
b~NXbdLO]~S15
9[f%UIe\Eb|NQS^]DP^LO]DSV]~b~UXf T] I]~b|NQbdLO]+RTSzwx
]1gNPc]1S?NXf%LNQSD74X P^]~S_]~\zTRTfe]X5 <Le]+ ]1 UX\V
 NPc]~feb1 ]1P[Zz]~]1f¡PcLO] \VSVPDNXfPcLO]!S^]1b~UIfT]X]~UXW b|NXbdLe].RTS?jb1b1T]~S15*<LORJSuTNQPc]1fOb1RJS?]~fOUIegIL
TU¯Z P^U  ]zLOR e]~f .P^LO]*UIeP UXWUI\ e]~\ ]e]1b~eP^RTUIf 5 <LO]TNQPc]1fOb1!WaUI\P^LO]* NXRTfG ]1 UX\V!RTS NX\^UIef
w{Hb1b~J]~S OePrRJPqb~NXf  ]u NX\VgI]~\
OO]?PcUHPcLO]WNXb`PcUI\PcLONQPqZE]=NX\^]ZzUI\^RJfOgGUXfN!nO²)9n6RJTRJb~UIf@+\^RJgIRTf
4X{I{X{P^LNQP?RJS?NeRTSVP^\^R OePc]S^LNX\V]
 ]1 UI\F.OJP^RT_O\VU6b1]~S^SVUI\*b1UI _eePc]1\~5
 9Fn6siWaUI\%_e\^]1Wa]`PcbdL¶@+fMP^LO] x
9;prno9 5 9Fn6s PcLO]1\^]3NX\V]¡P[ZEU RTfeSVPc\VOb1P^RTUIfWaUX\ _O\^]`Wa]1PcbdLMZ?LOUISV]
fO]~UIfORJb)NX\^](_O\^]`W(ONXf (_O\V]1W  (\^]1S^_]~b`PcR X]~8I5r<LO]~RJ\*WaUI\^ NQPRJS*PcLO])WaUIJTU¯Z?RTfOg
pq>=mq LORTfPOU  S^]1P 9 NQS^] ;pq>umr´LeRTfP OU  SV]1P 9 NXSV] ;
   	
 	           
<LO]UIfO8 OR ]1\^]~feb~]RTS+PcLe] N O\^]1S^SVRTfOg
 UO]X5<Le]NO\^]1S^S!RTf©PcLO]RTfeSVPc\VOb1P^RTUIf3RJS)b|NXJb~OTNQPc]
NeRTfOg PcLO] 7¯³ ORJPSVRTgIfe]¶fO  ]1\ 9aU  SV]1P2; P^LNQP
RTSRTfOSVR O]©P^LO] RJfOSVP^\^Ob`PcRJUIf Z?R8PcLMPcLO] QNXTO]
b~UXfPcNXRTfe]¡RJfyP^LO].\V]~gIRJSVPc]1\9 NXSV] ;`5=UI\?PcLO].pr>umq ´RTfOSFPc\^eb1PcRJUIfRJSuP^LO].S^NX] O6PDPcLe].U  S^]`PDRJS
RTf
N\^]~gXRTSVP^]~\S^U P^LO]!NO\V]~SVSDRTS?b~NXTb1O NQP^]yNeRTfOgPcLO])P[ZzU%\^]1gIRTSFPc]1\^S~5z<LO]!LORTfP ]~ 
SVO_O_OJRT]1S
RTf6WaUI\^ NQPcRJUIfNUIePuPcLO] NQPdNRTSu]`6_]~b1P^]¡P^U  ]GOS^]5u<LO]}LORJfP ]1 ¡RJfORTb~NQPc]1SuZ?LeRTbdL¡SVUI\VP=UXW
_O\V]1Wa]1P^bdL©S^LOUXO   ] OUIfO]  e]~_]~fORJfOgUQW PcLO]GLORTfP=RJPub~UXO   ] OUIfO].NXS=N:+@)p¦5 5rNXJO]~SuUXWPcLORJS
LORJfP ]1 NX\V] ¦{ 9aTUN ; 7 9SFPcUI\V] ; Qw 9JUN  SFPc\^]~NX] ; I9aSVP^UI\^]  SFPc\V]|NX] ; I 9aTUN   \^]1PcNXRTfe] ;NXf 9SVP^UI\^]  \^]1PcNXRTfe] ;5 UI\P^LO]?{+NXf 7 QNXTO]1S 9JUN.NXfSVP^UI\^] ;_O\V]1Wa]1P^bdLRTS OUXfO]*TRJX]zfOUI\^ NX]~UI\VRTfeSVPc\VOb1P^RTUIfeS 9]6b~]~_6PuWaUX\EfOU}ZzUI\^Z?RJP^L%\^]1gIRTSFPc]~\VS2;5qUX\*wNXfyGP^LO]NPdN}RTSz]`6_]~b1P^]




K ]HZzUI\V%Z?RJPcL P^LO]!W¤Xxy9;pzn_O\^U%CEUI _eRTT]1\~5 <LeRTS?b~UI_ORJT]~\ELO]~J_OS?OSuP^UNyb~UI_ORTJRTfOg ORT\V]~b`³
PcR I]1SHP^LNQPHPc]1T Z?Le]~\^]PcUy_OePHP^LO]_O\^]`Wa]1PcbdL RTfOSFPc\^eb1PcRJUIf NQP)PcLe]JU¯ZT] I]1b~UO]X5<LO]b~UI_ORTJ]~\
NXJS^U+b~NXfN}_e\^]1Wa]`PcbdLNXeP^UI NQPcRJb|NXJJI5KMR8PcL.P^LO]~SV] ORJ\^]~b`PcR I]~SS^UXWYP[ZENX\V]_O\^]`Wa]1PcbdLeRTfOg)RJS NXJS^UD_UIS;³
S^R OT].RTf©LORJgIL6³[J]X]~¦b~UO]~S!NXf¡P^LO]OSV]~\HN|N3_O\V]1Wa]1P^bdLORTfegZ?R8PcLOUXePHNXf¡fOU¯Z?J]OgI]N  UI6P
NXSVS^]~ OT]1\~5.@)feb~]}PcLe]OS^]1\!LONXSO]1b~R e]©Z?LO]~\V]PcU OU _O\V]1Wa]`PcbdLORJfOgLO]}OSFP!N¡PcLe]b~UI_ORTJ]~\
ORJ\^]~b`PcR I]~S15s ORT\V]~b`PcR X]RTSHb~UI_UIS^] UXWzPcLO]\^]`Wa]~\V]~fOb1] PcUy_O\V]1Wa]1P^bdL NXf NySFPc\VR O]Q5<LO]SVP^\^R e]
RTSuPcLO] eRTSVPcNXfOb1]}RTf¡JU6UX_RJP^]~\^NQPcRJUIfOS ]1P[Zz]~]1f eR ]~\^]1fP)]`6]~b1ePcRJUIfOS)UXWP^LO]_O\V]1Wa]1P^bdL3RTfOSFPc\^eb1PcRJUIf5




 ! "#$%&!%' !() $%&"*+,-/.0132450/6"7!!
8 :9!.*+0
%;
9[f P^LORTSH]ONQ _OJ]ZE]b|NXf Ny_e\^]1Wa]`PcbdL ORT\V]~b1P^R X] RJf3Z?RJbdL Zz] PcNXX]_O\^U OP!UXWEP^LO] SV_NQP^R NX JU6b~NXTR8P[
UXWPcLO]!\^]`Wa]~\^]1fOb~]  9w  R ;5z<LO]G\^]`Wa]~\^]1fOb~]G}OSFP ]H_O\^]`Wa]1PcbdLe]¡Z?RJP^L
]1fOUIOgXL
PcRJ ])RJfN QNXfOb~] RJf
PcLeRTSb|NXSV]yjIj R8Pc]1\cNQP^RTUIfOS.UXWDP^LO]TUUI_5 KMRJP^L P^LO]SVP^\^R e]yw©Zz]
RJfORJb|NQP^]%PcU3PcLO]b~UX _ORJT]1\.PcLNP
PcLe]G_O\V]1Wa]`PcbdL¡}eSVP  ]H]`6]1b~eP^]©UIfO8 ]X]~\FwRJP^]~\cNPcRTUXfOSUXW P^LO]!UI\^RJgIRTfNQTUUI_S^UPcLNP=Zz]GUXfOJ
_O\V]1Wa]1P^bdL UIfOb~] ] I]1\Vo74Q P^]~S 9aP^LO]%R8Pc]~ S^R





@+O\+gIUINX RJSDPcU RJ _OJ]~]~fPDNPcUUIP^LNQP)RJfOS^]1\VPcS)_e\^]1Wa]`PcbdLORJfOg RTfeSVPc\VOb1P^RTUIfeSDWaUI\)N%fO]~\VRTb}b1U O]1S
RTf N
LORJgIL J]X]~ETNXfOgIONXgI]NXS}UI\FPc\^NXf5<UOfO]1\^SVPcNXf ]1PVPc]~\!PcLO]  ]1LN RTUIO\GUXW*P^LO] P^U6UIZz]
}OSFP OR ]~\V]~fPcRTNQPc])P[ZzUP[_]~SDUQW \V]1Wa]~\V]~fOb1]~S15*<LO] \^SFP=P[_]GRJS*PcLO]!SVPcNQPcRJb!\V]1Wa]1\^]~feb~]X5zsDfySVPcNQPcRJb
\^]`Wa]~\V]~fOb1]!]|NQfOSEPcLe])\^]1Wa]1\^]1fOb~])PcLONQPRTSzZ?\^RJPVPc]1fyRJfPcLe])b~UO]X5q<LO])SV]~b~UXfyP[_])RTSEP^LO] efNXRTb
   	
 	           
\^]`Wa]~\V]~fOb1]X5·s efNQ RJb \^]1Wa]1\^]1fOb~]
RTSNXf ]`6]~b1ePcRJUIf·UQW+NXf SVPcNQPcRJb UIfO]Q5 <LORJSfOUI]~fOb1 NQP^O\^] RJS
NXJS^UPcNXX]1f3WaUX\+_O\^]`Wa]1P^bdL RJfOSVP^\^Ob`PcRJUIfOS~5H<LO] ONXS^RJb}NXJgIUI\^R8PcLO RJSOR 6R O]RTf¡P[ZzUy N#"VUI\u_OLNQS^]~S15
<LO] \VSVPq_OLNQS^]b~UXfOS^RJSVPcSqRJfN+TUb|NXJRJP[!NXfNQJS^RJS PcLNPqRTS fO]1b~]1S^ScNQ\VWaUI\ fOU¯Z?RJfOg)Z?LORTbdL\^]`Wa]~\V]~fOb1]~S
_O\VU Oeb~]~SRTSVS^]1S~5 <LO]SV]~b1UIf_OLNXSV]RTS P^LO]*_O\V]1Wa]1P^bdL RJfOS^]1\VP^RTUIf QZE]fO]1]PcU+P^\cNXfeSVWaUI\V efNXRTb
_O\V]1Wa]1P^bdLO]~SuRTfP^U}SVPcNQPcRJb+UIfO]1S~5q<LORTS]|NQfOSEPcLONQPRJW¨Zz])LN I]!N}\^]`Wa]~\V]~fOb1]HP^LNQP_e\^UOOb~]1S?UIfO])RTS^S
_]~\WaUXO\66fONX RJbz]6]~b~6PcRTUXfOS Zz]EZ?RTJLN I]EP^U+RTSVUI NQP^]PcLO] efNXRTbr\^]1Wa]1\^]1fOb~] 9a]X5gO5
GOfO\VUITJRTfOg
PcLe]ETUUI_.NXf}SVUDPcLO]zSVPcNQPcRJbE\^]`Wa]~\V]~fOb1]EZ?RTJ]~b1UI]ERTfP^U=WaUIO\<;  OeP RJSfeUXP fO]1]O]PcU eUDPcLORJS SVRTfOb1]
PcLe]+b~UI_ORJT]~\ORJ\^]1b1PcR I]1S*NXJTU¯ZoOSrPcUOUGPcLORJS*NXeP^UI NQPcRJb|NXJJ!Z?RJPcLeUIePNQf TUUI_Pc\^NXfOSVWaUX\^ NQPcRJUIf5
   $43"  6!%"!
<¦U ]DS^O\V]DPcLNP*_O\V]1Wa]1P^bdLO]~S?NQ\^]DfeUXP*OfefO]~b1]~S^S^NX\VZE]+fe]~] P^U.fOU¯Z Z?LeRTbdL efNQ RJbD\^]`Wa]~\V]~fOb1]~S
RTS^SV]~S RJfMP^LO]3b|NXbdLe]X5<U fOU¯ZiP^LO]©\^]`Wa]~\^]1fOb~]1S¡N TUb|NQTRJP[ NXfONXJS^RJS%RTS fe]~]e]5KMRJP^LPcLORJS
NXfNQJS^RJSDZE]SV]~T]1b1P)P^LO]\^]`Wa]~\^]1fOb~]1S)PcU  ]_e\^]1Wa]`PcbdLO]5}<¦U OU PcLORJS)NXfNX8S^RTS=ZE]OSV]UIO\+PcUUI¦UXW
SVPcNQPcRJbTUb|NXJRJP[GNXfNQJS^RJS9nepqs<;`5<LO] \VSVPrSVP^]~_UXW P^LO]?TUb|NXJRJP[GNXfNQJS^RJSRTS PcLe] XUITe ]_OLONXS^]Q5
9[f P^LORTSq_OLONXS^]?ZE]=b~UIfeS^R e]~\qPcLO] IUIJO]UXW NPdN!P^LNQPqPcLe]=JU6UI_NXb1b~]1S^S^]1S~5KMRJP^LP^LORTSqRJfeWaUI\^ NQP^RTUIf
Zz]LON X]N gIUU3NX_O_O\VU¯6RJNQP^RTUIfUXWzP^LO] NQPcN%PcLNQP)Z?RJT ]TUINO]©RJf©PcLO]b~NXbdLO]  ]`P[ZE]1]~f P[ZzU
efNXRTb \^]`Wa]~\^]1fOb~]1SUXWPcLe]%ScNX]%\V]1Wa]~\V]~fOb1]NXf R8WPcLORJS NPdN N| \V]~_OTNXb~]PcLO]%JRTfO]PcLONQP}PcLe]
\^]`Wa]~\V]~fOb1]NXb1b~]1S^S^]1S~5 s( UI\V]_O\^]1b~RJS^]NXfNX8S^RTS+ZzUIO 3\^]$ORJ\^]NXf RTfPc]1\VWa]1\^]~feb~]NXfNX8S^RTS15}KMRJP^L
PcLeRTS!NXfNX8S^RTS+Zz]b|NXf fOU¯Z(RJWENy_e\^]RJUIOSH RJS^SHUXWENy\V]1Wa]1\^]~feb~]\V]~_OTNXb~]1S!Nyb~NXbdLO]TRTfe]  ]1b|NXOSV]
S^]`P}UXW?b1UIf
	RJb1P^S~5
UX\!P^LO]UI]~fPGZz] NX\V]fOUQP}NeT]PcU©NX_e_OJ NXf RTfPc]1\VWa]~\V]~fOb1] NXfN|TRJS~5<LORJS
NXfNQJS^RJSfe]~]eS PcU U ePcNXRTf PcLe] NXSV]N O\^]1S^SV]~S%UXW=PcLO] NQPcN SFPc\^eb1Pce\^]~S OePWaUI\PcLO]y UX ]1fP
Zz]NX\^]GfOUXPDNOJ]!P^U%U ePcNXRTfPcLORJSDRJfeWaUI\^ NQP^RTUIf5zsDJS^U P^LO]}RJfP^]~\FWa]~\^]1fOb~].NXfNX8S^RTS?PcLONQP+ NXX]1SDUIe\
TUb|NQTRJP[NXfNQJS^RJSRTS*WaUb~OSV]
P^U eRT\^]1b1Pu NX_O_]b|NXbdLe]~S+NQfyP^LO]HPdNX\VgI]1P?_O\VU6b1]~SVS^UI\uLNXS?P[ZEU³«ZEN¯
NXSVS^Ub~R NPcR X]?b|NXbdLO]1S~5qluUZz]X]~\EZz]uLN I]ufOUXPcRJb~]P^LNQPqPcLO]u NXRTffO]~\rUXW PcLO]?RTfP^]~\VWa]1\^]1fOb~]1S*NX\V]
_O\VU Oeb~] RTf N S^LeUI\VP!RTfP^]~\ QNX UXWzP^RT].Z?LO]1\^]PcLO]_O\V]1Wa]`PcbdL b~NXf)( PHLOR e] NQTP^LO] NQP^]~fOb`©NXf RJf
 NXfb~NXS^]1S)RJP)N OS+U I]1\^LO]~N3PcUP^LO]]`6]~b1ePcRJUIf5H<LO]1\^]1WaUX\^]  PcLO]RJfP^]~\FWa]~\^]1fOb~]NQfNXJSVRTSDRJSDfOUQP
S^URT_UI\VPcNXfPEWaUI\ NXf b~UO]1S~5
     +.-1&2-354. 6!5- +%5$6
s=WYP^]~\+P^LO]TUb|NXJRJP[
NXfNX8S^RTSDRTS OUIfe]Zz]}OSFP)PcURTfOSV]~\FP)PcLO]_O\V]1Wa]1P^bdLO]~SGRTfOSFPc\VOb1P^RTUIfOS=PcLNQP)Z?RJT
LOR O]}PcLO]]~UI\FTNQPc]1fOb1X5s*P)PcLORJS) UI]~fP+Zz]UIfO8¡N _O\V]1Wa]`PcbdLORJfOgRTfOSFPc\^eb1PcRJUIfOS+P^U%PcLOUISV]
\^]`Wa]~\V]~fOb1]~S=P^LNQPuLN I]GfOUTUb|NXJRJP[ UI\?UIfOJLN I]GS^]~8W ³[SV_NQPcRTNXJU6b~NXTR8P[I5 K ]!eS^]HPcLO]!9[b1P^RTfO]1U b1UI³
_ORJT]~\=PcUygI]1PGN TU¯Z*³[J]X]~b~UO]NXf b~UXfOS^R O]~\)PcLeRTS)RTf6WaUI\^ NQPcRJUIf 9YPcLO]TU¯Z*³«T]X]~ RJfOSVP^\^Ob`PcRJUIfOS2;=P^U
_OePEPcLO]=_O\^]`Wa]1PcbdL WNX\z]~fOUXOgIL RTfNQNXfOb1]X5K ]+NXJS^U}b1UIfOS^R O]~\rPcLO]DRTfeWaUI\VNPcRTUXf N  UI6PEPcLe]+SVP^\^R e]
UXWOP^LO]*JU6UI_GNXfGPcLO]rWNXb1P^UI\¦P^LNQP }OJP^RT_OJRT]1SPcLO]zTUUI_GRJfO] QNX\VR NeT]PcU  ]zS^O\V]EPcLNPN=b~NXbdLO]*JRTfO]








 	           
}OSFP+PcU RJS^UITNQPc]HPcLe]~ RJf¡SVPcNQPcRJb}\^]`Wa]~\V]~fOb1]~S~5G<LO]\^]~NXS^UXf¡WaUI\DPcLeRTSDRJS+fOUXPDPcUN©UQWq]`Pc\^Nb1U e]
TRJX]!b~UIfORJP^RTUIfNQS^]1fP^]~fOb1]~S)RJfUI\ O]~\?PcU _ ]1\VWaUI\V PcLO]G_O\^]`Wa]1PcbdLUIfOJRJfSVUI ]!RJP^]~\^NQPcRJUIfOS~5E<U OU
PcLONQPzZz]Db~NXf%OSV]=P^]~bdLOfOR'$O]~S?NXSrOfO\VUITJRTfOgHUI\r_]~]~JRTfOg  OeP*RJSzfeUXPEfe]~b~]1S^S^NX\V  ]1b|NXOSV]=Z?R8PcLORJf PcLe]





fO]1SVPcS15 K ] OUIf (Pb~UIfeS^R e]~\¦_O\^]`Wa]1PcbdLeRTfOg]1WaUX\^]zN=TUUI_!UI\¦RTfPc]1\^TUUI_OS15K ]zUIfOJ+b~UIfOSVR O]1\ N IUIJO ]
NXfNQJS^RJS WaUI\PcLO]uTUb|NXJRJP[X5¨K ]?WaU6b1OSqUIfP^LO]u_O\^]`Wa]1PcbdLPcUHPcLO]uS^]1b~UIfT] I]1b~NXbdLO] 6Z?LO]1\^]uRJPqS^]1]~S
PcU LN I]]1PVPc]1\D\^]1S^O8PcS  ]1b|NXOSV].PcLe].]~UI\VTNQPc]1fOb1 ]1P[Zz]~]~f¡P^LO] \VSVP+NXf
P^LO].SV]~b1UIf©T] I]1
RTSELOR e]~f P^LO])UIePUQWUX\ O]1\*]`6]~b1ePcRJUIf5K ]HNX\^]+b1UI_NX\^RJfOg}UIe\*\^]1S^O8PcSEZ?R8PcL%PcLe]HNXePcUXNQP^RTb
_O\V]1Wa]1P^bdLORTfegUXWPcLO])x
9;prn6_O\^UCEUX _ORJT]1\~5 <Le]+b~UO]+gI]1fO]~\^NQPc] eZ?R8PcL%_O\V]1Wa]`PcbdL PcLO]Db~UI_ORTJ]~\
LNXS ]1PVPc]~\¨_]~\FWaUI\^ NXfOb1]qP^LNXfHPcLO]qfOUX\^ NXI]1\^SVRTUIf!UXWPcLO]q_O\VUIgI\cNQ 9aZ?R8PcLOUI6P¨_O\^]`Wa]1PcbdLeRTfOg ;SVU=UIe\
gIUNQ6RJS PcU+RJ _e\^U I]EP^LO]*\V]~S^eJPcSUePdNXRJfO] GPcLO]Eb~UI_ORTJ]~\15¦K ]*LN I]feUXPcRJb~]}P^LNQPRJf}S^UX ]*b~NXS^]1S
PcLe]!S^NX])b~UO])PcLNQP?ZzUIO  ])ZEUX\^S^]!RTf_]~\FWaUI\^ NXfOb1]+PcLNXf P^LO]HScNX]Hb~UO] OeP?Z?RJP^L eR ]~\^]1fP
_O\V]1Wa]1P^bdL RJfOS^]1\VPcRJUIf b|NXf  ]UI\^]SFPdNOJ]~S 9 ]1PVPc]1\!_]~\FWaUI\^ NXfOb1] ; O6PGfeUXP!RTf3]X]~\V ]e]1b~eP^RTUIf 5
<LORJSRJS OO] PcU©P^LO]yWNQb1PcUX\}PcLNQPRJf N3.OJP^RT_O\VU6b1]~S^SSFSVPc]1 b|NXbdLe]
JRTfO]1Sb|NXf  ]\V]~_OTNXb~] WaUI\
UXP^LO]~\)JRTfO]1S+Wa\^UI NXfOUXP^LO]~\)_O\VU6b1]~SVS~59[f©PcLO]1S^]b|NXSV]~S!OfOfO]1b~]~SVScNX\F _O\^]`Wa]1PcbdLe]~S!N| ]gIUU ©WaUI\
_]~\VWaUX\^ NXfOb~]SVU)PcLO]` RJfORTR 
1]rP^LO]] ]~b`PrUXWb~UIf
	ORTb1P^Sq_O\^UOOb1]Wa\^UItUXPcLe]~\q_O\^Ub~]1S^SV]~S  ]1b|NXOSV]
PcLe]~S^]!_O\V]1Wa]1P^bdLO]~Su\^] TP^LO]Hb|NXbdLe] ]1WaUX\^] NQPcNRJS\^]*$eRT\^]5
  -1!	  5!
 -  / -1!
<LO] WaUIJTU¯Z?RTfOg\^]~SVOJP^SNX\^] U 6PdNXRJfO] OSVRTfOg©PcLe] LNX\ 6Z*NX\V]
b1UIOfPc]1\^SPcLONQP_O\^U R e]~SPcLO]y>H7¯{X
_O\VU6b1]~S^SVUI\+NQf¡UIO\u NQSVP I]~\VS^RJUIfUXW PcLO]!PcUUI5*<¦U%U 6PdNXRJf
\V]~S^eJPcSuPcLNP+NX\V]GUI\V]GSVRTgIfORb|NQfPuPcLe]
]`eNX_OJ]=b1U O]1S*LN I]  ]1]~f RJP^]~\^NQPc] NXfP^RT]~SP^LORTSrRTSrPcLO]=\^]|NQS^UIf%Z?LPcLO]=fe ]1\EUXW¨b`b~T]1S
RTSSVU TNX\^gX]X5
m eNX _eT]7
;!'%!%$0 	/ 		 M  	 			 
/ 	 	 		 
  /.!0/
  /!   /.9
%;!
UI\*PcLe]GN  U I]Hb1U O])Zz]HU ePdNQRTfO]P^LO])WaUITJU¯Z?RTfOg}\V]~SVOJP^S 
m eNX _eT]7
   	
 	           
<RJ ] 9RTfb`6b1T]1S2; :=U_O\^]`Wa]1P^bdL sDeP^UINPcRTbD_O\^]`Wa]1PcbdL @+O\*P^U6UI
m 6b~JOS^R I] 4X{I{IjX{XwO74X67 7IXIX{XII 7¯IXjI{IQwO74X
x
]OR NXf 9a}OJP^RT_O\VU6b1]~SVS2; 4XjIjIXjIe7I7¯jI 7¯ 4w XwXwI 47I4IX67 
m eNX _eT]!4
$%	 0 	 		 ,  	!			M   	/ 		 
 / 	 	/ 		  
  / 	 			 
%;! 
<RJ ] 9RTfb`6b1T]1S2; :=U_O\^]`Wa]1P^bdL sDeP^UINPcRTbD_O\^]`Wa]1PcbdL @+O\*P^U6UI
m 6b~JOS^R I] 7|w{IQwXwjXw 7I7¯ XIe7¯jIQw 7|{IIj IX{e7¯I{
x
]OR NXf 9a}OJP^RT_O\VU6b1]~SVS2; 7|w4X4IX{4I4w 74IXI{I4QwI{ 7¯4XjII{e7¯Qw4I
9[f P^LO] O\^SVPz]`eNX_OJ]?Zz]Db~NXf%fOUQPcRTb1]PcLNQPrPcLe]=\V]~S^eJPcSqWaUI\rUIO\qPcUUI]`6]1b~eP^RTfOg!PcLO]=b~UO]=RJf ]6b~T³
S^R I]  R5]X5?JRTX]HR8P=ZENXSD]6]~b~6Pc]3RJf¡N UIfOUX_O\^Ub~]1S^S^UX\D NXbdLORTfe] NX\^]  ]`P^P^]~\?PcLNXf
PcLO].NXePcUXNQP^RTb
_O\V]1Wa]1P^bdL  NO] ¡P^LO]b~UI_ORJT]~\15G9[f3PcLe]b|NXSV]UQWE}eJPcRJ_O\^Ub~]1S^SVUI\DPcLe]b1U e]gI]~fO]1\cNQP^]3WaUI\+PcLe]
 NXbdLORTfe]+PcUIJ]~\cNPc]~S ]1PVPc]~\P^LO]H NQP^]~fOb` OO])PcUPcLe]!]Pc\cN_O\V]1Wa]1P^bdL
P^LNQP?PcLO]Hb1UI _eRTT]1\NeS~5rs*P
PcLe].S^]1b~UIf©]`eNX_OT]HPcLO]GgI]~fe]~\cNPc]b~UO]GWa\VUI UIO\?PcUUI¨RTS  ]`P^Pc]1\DRJf UXPcL
b|NXSV]~S~5=<LO]}\V]|NXSVUIf







$%	 90	  , 90	  
 / 	!90	   
   
    !
%;!
m eNX _eT]Hj
<RJ ] 9RTfb`6b1T]1S2; :=U_O\^]`Wa]1P^bdL sDeP^UINPcRTbD_O\^]`Wa]1PcbdL @+O\*PcUUI
m 6b~JOS^R I] wXjXe7Xje7| wIwXI467 Xw wIIje7¯Q
x
]OR NXf 9a}OJP^RT_O\VU6b1]~SVS2; IIQIII{I{Xj w e7QI4QwIw w XQw{
  A =,AF? G H ?
	
9[fPcLO]HfO]6P?X]|NX\Zz])Z?RTJ ZzUI\^%P^URJ _e\^U I]+P^LO]H_ ]1\VWaUI\VNXfeb~])UXWUIO\PcUUI RTfS^] I]~\^NX¦NXS^_]~b`PcS 
 _UIRTfPP^U eURJS*PcUS^UX I])P^LO]H_O\^U eT]~ Z?RJPcL P^LO]HRTfPc]1\VWa]~\V]~fOb1]!NXfNX86SVRTS15
   	
 	           
 K UI\^ Z?RJP^L OR ]~\V]~fP P[_ ]1SyUQW.NQS^S^Ub~RTNQPcR RJP[I5
z PcLORJS%Z*N|oUIe\PcUUI=ZzUIO   ]©UI\^]gI]1fO]~\VRTbQ5
 <LO]Gb~UI_ORJT]~\?fOUQP+NX8Z*N|SDRJS^UITNQPc]1SuP^LO]._e\^]1Wa]`PcbdL¡RJfOSVP^\^Ob`PcRJUIfOS=NXSDgIUUNXS=_ UXS^S^R OT]Q5?9«PDRJS
Oe]P^U




 K UI\^GUIf OR ]1\^]~fPP[_]~SqUXW_O\^]`Wa]1P^bdL5UI\ P^LO] UX ]1fPXZz]UIfOJ.NRJfOfO]~\V UXSVP_O\V]1Wa]`PcbdLRJfOSVP^\^Ob`PcRTUXfOS OeP)P^LO]~\V]NX\V]S^UI]\^]`Wa]~\V]~fOb1]~SGZ?LeUIS^]]~LN RTUIe\)UXWEJU6b~NXTR8P[yfOUXP O]1_ ]1fOS
UIfeJ%UQWP^LO]HRTfOfO]1\^UISVP?JU6UX_5
 K ]!NXTSVUS^]~]1 PcULN I]GNgI]~fO]1\^RJb+PcUUIfOUXP O]1_ ]1fORJfOgUIfyP^LO]!NX\^bdLeRJPc]1b1P^O\^]Q5
 s=fOUXPcLe]~\!RTfPc]1\^]~SFPcRJfOg¡NXSV_ ]1b1P!ZE] _O NQf P^U\^]1S^]~NX\^bdL RJSHP^U_]~\FWaUI\^iSVUI] SVUI\VPGUXW_O\V]1Wa]`PcbdLWaUI\?NQ\^bdLOR8Pc]~b`PcO\V]~SZ?RJP^LOUIeP?_e\^]1Wa]`PcbdL
RTfOSFPc\^eb1PcRJUIfOS15
   y   
                ´    q      
 =@? KC=
U6UX_ S^UQWYP[Z*NX\V]%_ORJ_ ]1TRTfeRTfOgRTS!fOU¯Z NyZz]~JzfOU¯Z?f Pc]1bdLOfOR'$e]%WaUI\G]6_OTUIR8PcRJfOg
9[feSVPc\VOb1P^RTUIf ¨] I]1
p NQ\cNXJT]~JRTSV _O\^]1S^]~fP!RTf©UISFP+PcUN|(S)LORJgIL©_]~\VWaUX\^ NXfOb~]._O\^Ub~]1S^S^UX\^S~5CEUI _eRTT]1\^S=OS^NQTJy_]~\;³
WaUI\V S^UQWYP[Z*NX\V]_ORT_]~JRTfORJfOgRJf N JUZ´T] I]1b~UO]}Z?LO]~\V] RJfOSVP^\^Ob`PcRJUIfOS)NX\V]UI\HNX\^]b1TUISV]}PcUyNXb`PcNX
NXSVS^]~ OJRTfeSVPc\VOb1P^RTUIfeS ]~b~NXOS^]+NG_O\V]~b~RJS^]uPcRTRTfeg!RJfeWaUI\VNQP^RTUIfRJSzfe]~]e]5K ]D_O\V]~S^]1fPLO]~\V]DPcLe]
<u@)prnSVUIO\^b1]!P^US^UIO\Vb~]!S^UXWYP[ZENX\V]!_eRT_]~TRJfORTfeg.Wa\cNX]1ZzUI\V PcLONQPuNXRTS*PcUNXb`PuNXSuN_O\^]1_O\^Ub~]1S^S^RJfOg
SVP^]~_yRTf PcLe]!b1UI_ORTJRTfOgG_O\^Ub~]1S^S I]~\F}ObdLyTRJX]DP^LO]HOS^NQ¨NXePcUXNQP^RTb+_ONX\cNXJT]1TR 
1]~\VS~5 9«P?RJSNXSV]
UIf NXf NX_O_O\VU|eRJNPcRTUXf¡UXWrPcLO]NX\VbdLORJP^]~b1P^O\^]U e]~
eePHPcLO]_O\VUIgNX\V ]~\+b~NXf3S^_]~b1RJWY¡P^LO\^UIegIL
ORJ\^]~b`PcR I]~S_e\^]~SVO] TUIN% NPc]~feb1WaUI\*S^UX ]+]~UI\FNQb~b~]1S^S15Elu]~fOb1] NPdN}_O\V]1Wa]1P^bdLORTfegb|NXf ]
b~UXfP^\^UIJT]RTfS^UXWYP[ZENX\^]~NXf©b1UIORJfO]Z?R8PcL¡SVUXWYP[ZENX\^]}_eRT_]~TRJfORTfegO5*K ]._O\^]1S^]~fPHLO]1\^].P^LO].<u@)prn
PcUUI WaUX\S^UIO\Vb~])PcUS^UXO\^b1]!SVUXWYP[ZENX\^]!_ORT_]~JRTfORJfOg}NQS?Zz]~JNXS?_O\V]~TRJ RJfNX\F ]6_ ]1\^RT]~fPcNX\^]1S^O8PcS~5
<  
	   	
9«P}RJS!Z?R O]~8 \^]~b1UIgIfOR
~] PcLNP}TUUI_OSH_O\VU 6R O] P^LO]%TNX\^gI]1SVPGS^UIe\^b~]UXWUI_eP^RTR 
~NQPcRJUIf©RTf b~UI UXf
fO]~\^RJb|NX¨_O\VUIgI\^NX S NQf¡TUUI_y]`6]~b1ePcRJUIf OUX RJfNQPc]1SDNQTUISVP?PcUQPdNX¦]`6]~b1ePcRJUIfP^RT]!UQWrNXf©NX_6³
_OJRTb|NPcRTUXfG_O\VUIgI\^NX
5¦sJUXP UXW\V]~S^]~NX\^bdLe]~SqLN I]?\^]1S^O8Pc]RTfPcU O] I]1TUI_O]~fPUQW QNX\VRTUIeSPc]1bdLOfOR'$e]~S
WaUI\]e_eTUIR8PcRTfeg}_NX\^NXTJ]~TRJS^ NXf NQPcNTUb|NXJRJP[Z?RJP^LORTf fO]1SVP^]JU6UX_OS~5
<LO]3b~UINX\^SV]©gI\cNXRJfo_NX\^NXTJ]~TRJS^ _O\V]~SV]~fPyRTfo}O8PcRJ_O\^Ub~]1S^S^UX\^S%b~NXf ]©]`6_OJUIRJP^] MN \V]~SVP^\^Ob³
Pce\cNQP^RTUIf UXWHfO]~SFPc] JU6UX_OSRJf·PcLO]S^UIO\Vb~]¡b1U e] Z?LO]~\V]|NXS fe]¡gI\cNQRTf·_ONX\cNXJT]1TRTSV 9¤NQTS^U b|NXJT]
9[fOSFPc\^eb1PcRJUIf ]X]~pNX\cNXJT]1TRTSV >u IjESVO_]~\^SVb|NXTNX\}UI\-5)9«K ;GRTf PcUN| (S}LORJgIL _]~\FWaUI\^ NXfOb1]
UIfOUI_O\VU6b1]~SVS^UI\VS=RJS=\^NQPcLO]1\=]6_OTUIR8Pc]NQPuPcLe].NXSVS^]1OJyb1U O]!T] I]1yTUUI_S^UXWYP[ZENX\V]._ORJ_ ]1TRTfeRTfOg
 sIs5
x
]1 UI\F  NXfNXgI]1 ]1fPRTS}PcLe]yUQPcLO]1\RJ _UI\FPdNXfP}Wa]~NQPcO\V] UXW+LeRTgIL _]~\VWaUX\^ NXfOb~]NQ\^bdLOR8Pc]~b`PcO\V]~S15
7¯{
    %




_O\VU OT]1 RTSP^U _NQ\VPcR8PcRJUIf%PcLO] NPdNS^]1PDNXUIfOgPcLe]GJU6b~NX]~UI\^RJ]~SUXW¦PcLO] OR ]1\^]~fP=_O\^Ub~]1S^SVUI\^S
PcLeRTS?RTSuOS^ONXT8 OUIfe].RTfPcLe]GSVUIO\^b1]Gb1U e]X59[f
P^LO]! UIfeUQ³[_O\VU6b1]~SVS^UI\VSPcLO]!_O\VU OT]1 RTSP^U]`6LOR ORJP
gIUU ©P^]~_ UI\^NX UX\!SV_NQP^R NX ONQPdNTUb|NXJRJP[yRTf©P^LO]b~UO]}³=P^LORTS)b~NXf  ]_]~\VWaUX\^] RTf©PcLO]SVUIO\^b1]





|NPcRTUXfOS~5+K ]LN I]RT_OT]1 ]1fPc]S^UIO\Vb~]PcUSVUIO\^b1]




²!nXw Ob~UX _ORJTRJfOg=]1f 6RJ\^UIf³
fO]1 ]1fP~5rn6UXWYP[ZENX\^])_eRT_]~TRJfORTfegGRJS*N}TUUI_Pc\cNQfOSVWaUI\VNPcRTUXf PcLONQPRTfeb~\^]~NXS^]1S*PcLO]D_NX\cNQTT]1TRJS^vZ?R8PcLORJf
PcLe]=JU6UI_ U eb~UXORTfeRTfOgHRTfeSVPc\VOb1P^RTUIfeSrWa\VUI OR ]1\^]~fPERJPc]1\cNQP^RTUIfeSRTfPcUHPcLO]=ScNX]uTUUI_ UeI5

E]1b|NXOSV] PcUN| (SRTb~\VUI_O\VU6b1]~S^SVUI\^S.LN I] efNXRTb Wa]|NQP^O\^]1S.PcLNPNQX]%PcLe]~ N OT]PcU©]`6_OJUIRJP
TUb|NQE_NX\^NXTJ]~JRTS^ ³HZz]  ]1TRT] I]%P^LNQPPcLeRTSNX_O_e\^UNXbdL  NXX]1SS^]~feS^]X5 K ]yLON X]yNXTSVU N O] PcLe]
_UIS^SVR ORJTRJP[yWaUI\)PcLe] _O\VUIgI\^NX ]~\+P^U
SV_ ]1b~R8WY3_O\^]1S^O] TNQPc]1fOb~RJ]~SHUXWES^UI] ]1 UI\F©\^]`Wa]~\V]~fOb1]~S
©]|NXfOS)UQW ORJ\^]1b1PcR I]1S~5<LORJSGNQTTU¯Z?S O\^SVP)P^UX]~]1_ NPdN _O\^]`Wa]1P^bdLORTfOgOfO]~\!b~UIfP^\^UINQf3S^]~b³
UIf *S^UXWYP[ZENX\V]_ORJ_ ]1TRTfeRTfOg¡\V]~SVbdLO]OeT]~SRTfPc\VOb1P^RTUIfOSRJf UI\ O]~\PcU PdNXQ]
RJfPcU NXb~b1UIOfPP^LORTSNQPcN
_O\V]1Wa]1P^bdLORTfegO5 9[fPcLO]=xlusu@)<?mqBMWa\cNX]1ZzUI\^TUIN NQP^]~fOb1RT]1Sb|NXf  ]?U 6PdNXRJfO]NQPcNHJU6b~NXTR8P[
NXfNQJS^RJSHP^LNQPG_ UXRTfP!UIePG ]1 UI\F¡\V]1Wa]~\V]~fOb1]~S.P^LNQPG RJS^SHRTf3PcLe]b|NQbdLO]X5%K ] \VSVP O]~SVb~\VR ] PcLe]
<u@)prnPcUUIeWaUX\S^UIO\Vb~]?PcUHS^UXO\^b1]=SVUXWYP[Z*NQ\^]?_ORT_]~JRTfORJfOg)NXfP^LO]~fgIR X]?_O\^]1TRTRTfONX\V!]`6_]~\VRT]~fPdNX
\^]1S^O8PcSZ?RJP^LyNXfZ?RJPcLeUIeP?S^_]~b1RJWYRTfegJUN TNQPc]1fOb~RJ]~S~5
<     
<LO]1\^]%NQ\^]NQf©ZEN|SGWaUI\HRT_O\VU RJfOg PcLO]]`6]~b1ePcRJUIf P^RT]UXWNXf NX_O_eTRTb~NQPcRJUIf©_O\VUIgI\cNQ
5%@)fe]
NX_O_e\^UNXbdL XPc]1\^]		! " $#&%(' XNXfNQfOUXPcLe]~\QPc]~\V ] *),+-./	01 $ "#&%0'UI\2!3&3413
01 " $#&%('O5qn6UXWYP[ZENX\^]u_ORJ_ ]1TRTfeRTfOg+RJSrN!SVUXWYP[Z*NQ\^]u_O\^Ub~]1S^S^RJfOgGP^]~bdLOfeR&$O]?Z?LORTbdL \^]~SFPc\VOb1P^O\^]1SETUUI_OS
 b~UXORTfeRTfOg}RJfOSVP^\^Ob`PcRJUIfOSEWa\VUI OR ]1\^]1fP?R8Pc]1\cNQP^RTUIfOSERTfPcU}P^LO])ScNX])TUUI_ U 6I5qUI\*]e]1 _eT] 
T]`P!OS.b1UIfOS^R O]~\GNXf NX\^bdLOR8Pc]1b1Pce\^]b1UIfOSVRTSVP^RTfOgyUXWzWaUIO\HWaOfOb1P^RTUIfONXOfOR8PcS .UIfO]9[fP^]~gI]1\}BufORJPUIfe]
UN5XnPcUI\V]?B=fOR8P NXfP[ZzU.TUNQP^RTfOg+pUIRJfPrBufORJP^S~5 soSVRT_OT]ERTfOfO]1\TUUI_NXfRJP^Sb~UI\V\^]1S^_UIfORJfOg
S^RJ}OTNQPcRJUIfNXSVS^]~ OJb1U O]=NX\V]uSVLOU¯Z?f%RTf RJgIO\V]!7 9¤N ; NXf7 9  ;`5 KMR8PcLOUXePrNXfPc\^NXfOSVWaUX\^ NQPcRJUIf 
]|NQbdL JU6UX_·RJP^]~\^NQPcRJUIf \V]$ORJ\^]~S  b1b~J]~S%PcU ]`6]~b1ePc]3UIfoN gIR X]~fo9;¨p _e\^Ub~]~SVS^UI\15#9«W)PcLO]¡JU6UX_
RTS!S^UQWYP[Z*NX\V]%_ORJ_ ]1TRTfe] 9¤ RJgIO\^]y7 9ab ;';  ]~NXbdL TUUI_ RJPc]1\cNQP^RTUIf RTf PcLO]76!"%8!3D\^]*$ORT\V]~S.wb1b~J]~S}RJf
N I]1\cNXgI]Q5}<LO]RTfeSVPc\VOb1P^RTUIfeS!4%NXf { b|NXf ]]`6]~b1ePc] RTf©S^NX]b1b~J] ¨NXS+Zz]~JNXS)RTfeSVPc\VOb1P^RTUIfeS
³[³d76wQ³;j ³F5
<LO] U  "V]1b1PcR I]3UXW.S^UXWYP[ZENX\^] _ORJ_ ]1TRTfeRTfOg RTS PcU RTfeb~\^]~NXS^]©P^LO] 9;¨pRJfOS^R O]©]|NQbdL¶RTfefO]~\ JU6UI_ 5(9«P
9 \V]~U I]~S,: e]~_]~fO]1fOb~]1S ]`P[ZE]1]~f RTfOSFPc\^eb1PcRJUIfOS!Z?RJPcLeRTf ]~NXbdL RJP^]~\cNPcRTUXf NXf \V]~_OTNXb~]1S.PcLe]~ 




 	   ,"1   0 	         74
DO I = 3, N
0 T1[I] = A[I]
T2[I] = A[I+1]
T3[I] = T1[I] + T2[I]
T4[I] = A[I+3]
T5[I] = T3[I] + T4[I]
T6[I] = A[I+4]
T7[I] = T5[I] + T6[I]























r71 = r52 + r61
r31 = r12 + r22
r11 = A[I]
r51 = r31 + r42
r21 = A[I+1]




r72 = r51 + r62
r32 = r11 + r21
r12 = A[I+1]
r52 = r32 + r41
r22 = A[I+2]
r82 = r72 / D
r42 = A[I+4]
r62 = A[I+5]


















IF ( I > 6 )
prelude instructions
ENDDO
















r31 = r21 + r22
r21 = r41
r81 = r71 / D
r41 = r62
r71 = r52 + r42
r72 = r51 + r62
B[I+1] = r81
r32 = r22 + r21
r52 = r32 + r41
r22 = r42
r82 = r72 / D
r62 = A[I+5]
r51 = r31 + r42
B[I] = r82
r42 = A[I+4]
DO I = 1, N, 2
ENDDO
prelude instructions









2 loads, 2 stores / 2 iterations8 loads, 2 stores / 2 iterations
DO  10  I = 3, N
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